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west by the Indian Shield Platform, to the east by the
Indo-Burman Ranges, to the north by the Shillong Massif
and to the south it extends into the Bay of Bengal. The
Gondwana coal of Permian age is widespread in the
northwestern part of Bangladesh, which is very close to
the northeastern Indian sub-continent (Fig. 1). Five major
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Introduction
The Bengal Basin is located in the eastern most part of
the Peninsular Indian, occupying entire Bangladesh and
extends over West Bengal, Assam, Tripura and part of
the Bay of Bengal (Fig. 1). This basin is bounded to the
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Abstract. This paper represents the geochemical characteristics of Gondwana coals from the Barapukuria coal mine,
Bangladesh in order to investigate the potential for hydrocarbon generation. A total number of twenty three coal samples
were analyzed  Rock-Eval pyrolysis, CHNS elemental analyses, maceral analysis and vitrinite reflectance. The samples
were collected from drill hole GDH-40 of the Barapukuria coal mine encountered within Gondwana succession of
Permian age. The TOC contents of the coal samples range between ~50 and 76 wt.% and the organic matter consists
predominantly of type III and type IV kerogen with respect to hydrocarbon generation. The GP, HI, PI and Tmax
values range between 7 and 35 mg HC/g rock, 20 and 62 mg HC/g TOC, 0.02 and 0.04, and 430 and 437 oC, respectively.
The organic matter is mainly gas prone and thermally immature to early mature level. The potential coal bed methane
(CBM) generation of the Barapukuria basin is estimated to be 11 Gm3. Thus, underground coal gasification (UCG)
is helpful for better development of subsurface coals at the Barapukuria basin, Bangladesh.
Fig. 1. Generalized map showing location of the study area and major geographic features of the Bengal Basin and
adjoining areas (modified after Alam et al., 1990; Khan, 1991; Reimann, 1993; Monir and Hossain, 2012).
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coal basins were discovered so far in Bangladesh, namely
Barapukuria, Jamalganj, Khalaspir, Dighipara and Phulbari
(Uddin and Islam 1992; Islam, 1994; Akhtar, 2000), and
estimated reserve of coal is about 3 billion tons
(Farhaduzzaman et al., 2013). The Barapukuria Basin is
located at Dinajpur district in Bangladesh, which is the
only active coal mine in the country. Six major coal
seams are identified in the basin and coal extraction is
going on in the coal seam VI of approximately 42 m
thickness (Hossain et al., 2013a, b; Imam, 2013).
Coal is an important source rock for both natural gas and
crude oil (Petersen, 2006). Available information on the
hydrocarbon potential of Gondwana coal in Bangladesh
is limited. The present study attempts to improve the
understanding of the generic potential (GP), coal bed
methane (CBM) generation and underground coal
gasification (UCG) through organic geochemical
investigation of Permian Gondwana coals in the
Barapukuria Basin, northwestern Bangladesh.
Structure and stratigraphy.  The Bengal Basin of
Bangladesh has been developed since the Early
Cretaceous, following the breakup of Gondwanaland,
and sedimentation has been continuous ever since (Banerji,
1981; Gani and Alam, 2004; Hossain et al., 2010). The
Barapukuria Basin is a sub-basin of the Bengal Basin
covering an area of approximately 6.75 km2 (Islam et
al., 2003). It is a NNW-SSE elongated asymmetrically
half-graben type intracratonic basin bordered by the
Himalayan Foredeep to the north and Hinge Zone to the
south (Khan, 1991; Wardell-Armstrong, 1991; Alam et
al., 2003; Monir and Hossain, 2012; Hossain et al., 2013a,
b; Imam, 2013), to the west by the Precambrian Indian
Shield Platform and to the east by the crystalline Shillong
Massif (Fig. 1). The major part of the basin is about 5
km long, 2 to 3 km wide, and more than 550 m deep
(Bakr et al., 1996; Islam and Hayashi, 2008; Islam et al.,
2009; Imam, 2013). This half-graben structure is imparted
by a prominent N-S oriented normal fault namely eastern
boundary fault (Bakr et al., 1996). Tectonically, the
Barapukuria Basin is placed in the Rangpur Saddle of
the Dinajpur Platform (Fig. 1). The Rangpur Saddle
represents a block of the Indian Shield that connects with
the Shillong Massif and Mikir Hills to the East Indian
landmass. This basinal area is very close to the
convergence boundary of the Indian plate as well as the
Eurasian plate nearly 200 km (Monir and Hossain, 2012).
The Gondwana sequence in the basin is mildly folded
into a N-S trending asymmetric plunging syncline with
axis mostly parallel to the marginal fault (Islam et al.,
2004), and the axial plane is dipping towards the east
(Farhaduzzaman et al., 2012). The horizontal displacement
(approximately 60 m) and the vertical displacement
(approximately 200 m) occurred with 73oC dipping, and
the fault length is almost 5 km (Islam et al., 2009; Monir
and Hossain, 2012). However, the steeply dipping normal
fault is the best structural evidence regulated for modern
tectonic activity in and around the study area.
The stratigraphic succession of the Barapukuria Basin
was primarily established based on exploratory bore hole
data (Bakr et al., 1996). Summarized lithostratigraphic
units of the basin are shown in Table 1 and Fig. 2. The
Gondwana sequence is subdivided into the Precambrian
Basement Complex, Permian Gondwana Group, Pliocene
Dupi Tila Formation, Pleistocene Barind Clay Formation
and Holocene alluvium in ascending order (Wardell-
Armstrong, 1991; Norman, 1992; Bakr et al., 1996;
Akhtar, 2000; Islam et al., 2003; Hossain et al., 2013a,
b). The Basement Complex is overlain by the Gondwana
Group composed of diorite, granodiorite, quartzdiorite,
granite, schist and gneiss (Bakr et al., 1996; Islam and
Hossain, 2006). The Gondwana Group is about 476 m
thick (Table 1 and Fig. 2) and composed of alternating
sandstone and shale, conglomerate and thick to thin coal
seam (Bakr et al., 1996; Islam et al., 2003; Imam, 2013;
Hossain et al., 2013b). This group is underlain and
overlain by prominent unconformities. The overlain Dupi
Tila Formation is sub-divided into Lower Dupi Tila and
Table 1.  Stratigraphy of the Barapukuria Basin, NW Bangladesh (after Bakr etal., 1996, Islam etal.,2003; Islam and
Hossain, 2006; Monir and Hossain, 2012).
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(FISSION, EA 1108) at Shimane University, Japan.
Approximately 100 mg powdered coal samples were
placed in a small crucible and subsequently analyzed in
favor of the peak area (S1 and S2) by heating the samples
at 300°C to 550°C, in an atmosphere of helium using a
Rock-Eval instrument. S1 show free hydrocarbons in the
coal sample, S2 demonstrate hydrocarbons generated by
decomposition of kerogen, and Tmax reveal temperature
at maximum S2 generation. The hydrogen index (HI),
production index (PI) and generic potential (GP) were
calculated by 100 × S2/TOC, S1/(S1 + S2) and S1 + S2,
respectively (Bordenave et al., 1993).
Results and Discussion
The analyzed Permian Gondwana coal samples range in
depth between 195 m and 506 m. Coal seam averages
elemental and Rock-Eval data are shown in Table 2
(Hossain et al., 2013a, b). The coal seams are commonly
interbedded with highly carbonaceous mudstones and
feldspathic sandstones. The coals are organic-rich with
seam average TOC contents generally ranging between
~50 and 67 wt%.
Coal seam averages Rock-Eval pyrolysis S1 and S2 yields
data range from 0.32 to 0.57 mg HC/g rock and 14 to 21
mg HC/g rock, respectively. Immature source rocks with
good to excellent petroleum potential have S2 pyrolysis
yields 10 to 20 mg HC/g rock and over 20 mg HC/g
rock, respectively (Peters and Cassa, 1994). The
Gondwana coal samples contain S2 pyrolysis yields more
than 10 mg HC/g rock, appeared to produce good
petroleum generation potential (Hossain et al., 2013a).
The coal seam average values of S2 and TOC indicate
very good to excellent source rock potential (Tissot and
Welte, 1984). The Tmax values are commonly used as
maturity of organic matter (Tissot and Welte, 1984). The
Tmax values <435C indicate immature, between 436C and
445C show mature, and >446C signify over mature of
organic matter (Tissot and Welte, 1984). In the
Barapukuria Basin, coal seam averages Tmax values range
from 431 to 436oC (Hossain et al., 2013a), although a
considerable portion of the coal samples have higher Tmax
values indicating that the coals are thermally immature
to mature with regard to petroleum generation. The Tmax
values of the coal may indicate immaturity/maturity, but
the coal seam averages PI values range from 0.02 to 0.03
further indicate thermal immaturity (Bordenave et al.,
1993; Peters and Cassa, 1994). Petersen (2002) reported
that the Carboniferous and Tertiary coals having vitrinite
reflectances (Ro) from 0.32% to 3.6% suggesting primary
liquid hydrocarbon generation begins at 0.5%Ro to
0.6%Ro, and liquid hydrocarbon generation is negligible
at ~1.8% Ro while the hydrocarbon generative potential
is exhausted at 2.0%Ro. However, vitrinite reflectance
values of 0.85%Ro to 1.8%Ro normally show the oil
window for organic matter in humic coals and type III
kerogen (Petersen, 2002). The mean vitrinite reflectance
values for Gondwana coal in the Barapukuria and
Dighipara basins range from 0.60%Ro to 0.81%Ro
(Farhaduzzaman et al., 2013), which may tentatively
Upper Dupi Tila formations. The Lower Dupi Tila
Formation is made up of mudstone with alternating
siltstone and sandstone. The thickness of this formation
is about 80 m. The Upper Dupi Tila Formation consists
of approximately 148 m and it comprises alternating
sandstone, siltstone and mudstone. The upper contact of
this formation is erosional. The Barind Clay Formation
is about 11 m thick and is composed of clay, sandy or
silty clay. The formation is overlain by Holocene alluvium
and composed of sand, silt and clay.
Materials and Methods
This paper is a follow-up work of Hossain et al. (2013a,
b). Coal samples (~100 g) were collected from exploration
well GDH-40 in the Barapukuria Basin, Bangladesh. In
this study, elemental analysis and Rock-Eval pyrolysis
were performed to evaluate the relationship between
hydrocarbon generation potential and maceral
composition. Total organic carbon (TOC) content of the
coal was determined using a CHNS elemental analyzer
Fig. 2. Summarized lithostratigraphic section of the
Barapukuria basin, Bangladesh (modified after Bakr et
al., 1996; Islam et al., 2003; Islam and Hossain, 2006;
Hossain et al., 2013).
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indicate beginning of the effective oil window. The onset
of the effective oil window for coaly source rocks is
defined by the variation between bitumen index (BI,
S1/TOC) and Ro or Tmax (Killops et al., 1998; Petersen et
al., 2011). The HI value for the coal samples is very low
at Tmax values range between 431
oC and 436oC, which
probably indicate the early stage of the effective oil
generative window. However, the Tmax and HI values
show that the investigated coals are mainly type III and/or
type IV kerogen (Fig. 3), and potential for generation of
liquid hydrocarbon.
The organic geochemical and petrographic characteristics
indicate that the Gondwana coals have a very good
petroleum generative potential. Petersen et al. (2011)
reported that coals are typically considered to be gas-
prone in comparison to algae-derived organic matter. The
organic matter is richer in oxygen conventionally having
lower oil generative potential (Petersen, 2005).
Consequently, the liquid petroleum potential of coals is
largely controlled by the evolution of higher land plants
organic matter through geologic time span (Petersen and
Nytoft, 2006). Petersen et al. (2011) further demonstrated
that Palaeozoic coals are primarily gas-prone, but
Cenozoic coals are highly oil-prone. The HI value is
commonly used for evaluation of hydrocarbon generation
potential of organic matter. The coal seam average HI
values range from 27 to 40 mg HC/g TOC (Table 2).
Peters and Cassa (1994) suggested that gas potential
organic matter has HI values of <200 mg HC/g TOC
whereas mixed oil and gas potential organic matter
contains HI values of 200 to 300 mg HC/g TOC. The
Table 2.  Coal seam averages S1 (mg HC/g rock), S2 (mg HC/g rock), GP (S1 + S2), HI (100 × S2/TOC), PI (S1/ S1 +
S2) and Tmax (
oC) data for the Gondwana coal, Barapukuria Basin, Bangladesh (after Hossain et al., 2013a, b).
Fig. 3. Tmax (
oC) versus HI plot for distribution of kerogen types of the Gondwana coal, Barapukuria basin,
Bangladesh (after Hossain et al., 2013a).
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type III and type IV kerogen contained HI values of 50
to 200 and <50 mg HC/g TOC, respectively (Peters and
Cassa, 1994; Hossain et al., 2013a). The overall HI values
in the studied coal samples are thus primarily considered
to be gas generative potential. Similarly, the coal seam
averages GP value range from 14 to 21 mg HC/g rock
indicating a good petroleum generation potential (Tissot
and Welte, 1984).
The petrographic composition of the Gondwana coal
indicates a vitrinite-rich coal, followed by inertinite and
liptinite. The dominance of vitrinite macerals suggests
an input of organic matter from type III kerogen (Hossain
et al., 2013a), which may generate a significant volume
liquid hydrocarbons (Farhaduzzaman et al., 2013).
Shamsuddin et al. (2002) demonstrated that Gondwana
coals in Bangladesh contained typically type III kerogen
which mainly produce gaseous hydrocarbons.
Frielingsdorf et al. (2008) suggested that the Gondwana
coals in Bangladesh and India are prone to be gas
generative potential. The presence of resinite, bituminite
and cutinite in the Barapukuria and Dighipara coal
indicates their hydrocarbon generation potential either
gaseous or liquid (Farhaduzzaman et al., 2013). 
Coal is the most abundant and chief fossil fuel in the
world. The CBM and UCG are of two advanced
techniques used for optimization and for extraction of
natural gas from underground coal deposits (Muller,
2009; Hossain et al., 2013a). Total coal reserve in the
Barapukuria Basin is estimated to be 400 Mt (Wardell-
Armstrong, 1991; Akhtar, 2000; Imam, 2013). Among
the coal seams, high thickness of the seam VI is about
42 m encountered within the drill hole GDH-40 (Bakr et
al., 1996; Hossain et al., 2013a; Imam, 2013). Coal seams
II, III and VI in the basin have relatively high GP values
(Table 2) with an average 20 mg HC/g rock. Using this
average GP values, the potential CBM in the Barapukuria
Basin is calculated to be 11 Gm3. Islam and Hayashi
(2008) and Muller (2009) reported that CBM generation
of the Barapukuria coals is about 6 Gm3 and in-situ CBM
resource is about 4.8 Gm3 of gas, respectively. However,
production of CBM and UCG in the basin might play a
potential role for mitigating energy demand in Bangladesh.
Conclusion
The Gondwana coal of Permian age in the Barapukuria
Basin, Bangladesh has been examined to infer the
hydrocarbon generation potential of the basin. The coal
seam average TOC abundances range from ~50 and 67
wt.%. The organic matter consists predominantly of type
III and/or type IV kerogen. The GP, HI, PI and Tmax values
range between 14 and 21 mg HC/g rock, 27 and 40 mg
HC/g TOC, 0.02 and 0.03, and 431 and 436oC,
respectively. The organic matter is mainly gas prone and
thermally immature to early mature stage. The CBM
generation of the underground coal in this basin is
approximately 11 Gm3. Thus, UCG is designed to evaluate
the coal-gas potential of subsurface coals in the
Barapukuria Basin, Bangladesh.
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